Purpose To evaluate how often manipulation under anesthesia (MUA) can achieve functional flexion ≥ 90 degrees and identify predictor for successful outcome of MUA for stiff total knee arthroplasty (TKA). Methods Demographic data, range of motion, and surgical and anesthetic information of 143 MUAs were retrospectively analyzed from 2000 to 2011.
Introduction
The main objectives of total knee arthroplasty (TKA) are to achieve a painless, stable, functional knee. In terms of functionality, TKA can improve range of motion (ROM) in patients with significant pre-operative limited joint motion [1] . However, despite advancements in surgical technique, implant design and perioperative management, post-TKA stiffness occurs with an incidence ranging from 1.8 % to 23 % [2] [3] [4] . It has been shown that aetiology of stiffness is multifactorial [5, 6] and that treatment is challenging. Stiffness may be defined as an inadequate range of motion (ROM) that results in functional limitations in daily activities. However, there is no consensus in the literature about the precise definition of functional ROM. In general, 90°of flexion has been considered as minimum functional recovery after primary TKA, as failure of recovering 90°flexion may jeopardise various daily activities. A biomechanical study demonstrated that 83°of flexion is required for going up and down stairs and 93°for sitting [7] . Of several treatment options for stiff TKA, manipulation under anesthesia (MUA) has been considered the first-line treatment after failure of nonoperative measurements, such as dynamic splint and physical therapy. A number of studies reported successful improvement in ROM ranging from 26°to 44° [8] [9] [10] [11] following MUA. In a review article, Fitzsimmons et al. [12] reported that gained ROM by MUA ranges from 30°to 47° [12] . However, the majority of studies reported overall ROM gain following manipulation procedure, but limited information is available regarding successful ROM recovery achieving flexion ≥ 90° [9, 13] . We aimed to investigate how often functional final flexion ≥ 90°can be achieved following MUA for stiffness after primary TKA and any potential factors that can predict successful outcome after MUA procedures.
Materials and methods
This study was approved by the hospital institutional review board. The authors' institution-based registry database was queried to identify study patients from 2000 to 2011, and 154 patients were identified as having undergone MUA for stiffness after primary TKA. Of these, 11 patients were excluded due to insufficient information for perioperative ROM; the remaining 143 were included for analysis. There were 59 men and 84 women with a mean age of 60.2 (range, 37-83) years at the time of MUA. Six patients had bilateral TKA and required manipulation of both knees. Diagnoses for primary TKA were osteoarthritis (n=125), posttraumatic arthritis (n= 12), osteonecrosis (n=1), septic knee sequelae (n=1), rheumatoid arthritis (n=2) and unknown (n=2). Diabetes mellitus was diagnosed in 19 patients. Mean time interval between primary TKA and MUA was 8.6 (range, two to 40) weeks; 126 (74 %) underwent MUAwithin 12 weeks and the remaining 37 (26 %) after 12 weeks. Three patients received MUA 40 weeks after primary TKA when they underwent another joint replacement surgery for contralateral knee or hip joints. Mean follow-up was 23.4 (range, one to 110) months. There were three case of failed MUA that underwent an additional procedure one month post-MUA, accounting for the minimum follow-up period of 1 month in this study. All MUAs were performed by the same surgeons who performed the primary TKA, except in the case of three patients who received primary TKA at an outside hospital and were referred to our institution. MUAwas indicated when knee flexion was < 90°at four to eight weeks post-TKA. Before proceeding with manipulation, physical examination and careful radiographic examination were performed to confirm that stiffness was not related to surgical factors, such as component malposition or oversizing, loose bodies or retained cement.
Under general anesthesia (n=120) with adequate muscle relaxation or regional anesthesia (epidural 18, spinal 5), ROM and joint stability were first examined. Manipulation was performed by flexing the ipsilateral hip to 90°. Holding the proximal leg, steadily, gradually increasing pressure on the proximal tibia was applied to flex the knee joint until audible breakage of adhesion was heard. When the audible or palpable separation no longer occurred, the maximally flexed joint was maintained for a minute. When there was flexion contracture, the knee was carefully manipulated into extension. Putting the heel on a bolster, gentle, firm downward pressure was applied on top of the joint. A final ROM was measured after the procedure. Manipulation was performed as a same-day procedure (n=97) or under hospitalisation (n=46). When the procedure was performed under hospitalisation, a continuous passive-motion machine was applied, along with a local ice pack. Patients received outpatient physical therapy until their clinic visit at four to six weeks.
Flexion and extension angles were measured with a pocket goniometer either by the surgeon, arthroplasty fellows or an orthopaedic nurse practitioner before TKA, before and after MUA and at each clinic visit. Final ROM was defined as the arc of motion measured at the latest clinic follow-up or at the time immediately prior to additional procedures following failed MUA. Treatment success was defined as final flexion ≥ 90°(success group). and failure as final flexion < 90°(failure group).
Data were collected for demographics, ROM and surgical and anaesthetic information. Potential contributing factors included age, gender, body mass index (BMI), medical comorbidity including diabetes mellitus, ROM (before TKA, before and after MUA and at follow-up), interval between TKA and MUA, type of anaesthesia for MUA, type of implant (cruciate retaining versus posterior stabilised) and post-MUA hospitalisation.
Statistical analysis was performed using paired t tests to assess mean changes in ROM, independent groups t tests to compare continuous variables (age, BMI, TKA operative time, interval between TKA and MUA) and Fisher's exact tests to compare proportions between groups. Median followup was compared using the Mann-Whitney U test. Multivariate logistic regression analysis was performed to determine independent predictors of MUA outcome using nine covariates in the model to control for confounding. IBM SPSS Statistics (version 21.0, IBM, Armonk, NY) was used for analysis. Two-tailed p<0.05 was considered statistically significant.
Results
At the latest follow-up, 95.2 % of patients (136/143) showed significant improvement of ROM-from 62±17°pre-MUA to 101 ± 21°at latest follow-up with 39°increments (p<0.001). Seven patients (4.8 %, 7/143) did not improve following MUA, resulting in the same (n=1) or decreased (n=6) final ROM compared with pre-MUA ROM. The success rate to achieve final flexion of ≥ 90°was 74 % (106/143); 106/143 MUAs achieved final flexion ≥ 90°, with ROM improvement from 63±16°pre-MUA to 110±12°at latest follow-up (p<0.001, success group,). The remaining 37 MUAs (26 %) failed to achieve satisfactory final flexion of 90°despite a ROM increase from 57±18°pre-MUA to 74± 16°at latest follow-up (p<0.001, failure group,) (Fig. 1) . MUA manipulation under anaesthesia, TKA total knee arthroplasty, BMI body mass index, ROM range of motion, CI confidence interval *Statistically significant There was no difference between groups in patient age, BMI, operation time for primary TKA, and interval between TKA and MUA; however, median follow-up was significantly shorter in the failure group (Table 1) . By univariate analysis, a successful outcome was observed in 21/23 (91 %) patients who had regional anaesthesia versus 85/120 (71 %) who had general anaesthesia (p=0.04). Multivariate logistic regression analysis confirmed a significant association (p=0.007) between type of anaesthesia and MUA outcome independent of the other eight variables tested, with patients undergoing regional anaesthesia faring significantly better than those undergoing general anaesthesia (Table 2) . No complications occurred as a result of manipulation procedures in either group.
Discussion
MUA improves ROM for stiff TKA with a success rate rate of > 90 % [4, 8, 9, 11, 13, 14] . However, the majority of studies report overall ROM improvement, and limited information is available regarding success rate in achieving flexion ≥ 90° [9, 13] . Given the fact that functionality is also one of the goals of joint replacement, recovering functional ROM is an important factor in evaluating MUA outcomes after primary TKA. Currently, there is no consensus of the definition for successful MUA, as patient satisfaction may vary according to pre-operative ROM, activity requirement or regional life style [15, 16] . NonWestern populations, who perform frequent squatting, kneeling or sitting cross-legged activities, clearly demand a greater ROM [16] . However, in general, 90°of knee flexion is considered as functional recovery for performing activities of everyday living, such as going up and down stairs or sitting on a chair.
In this study, in which we report results in one of the largest patient populations undergoing MUA for stiffness following TKA, treatment success-defined as achievement of≥90°of flexion-was 74 % (106/143). This was lower than those of other previous reports that also evaluated their results based on final achievement of 90°of flexion. In the literature, Cates and Schmidt [9] reported 20 of 23 patients (87 %) regained at least 90°of flexion by manipulation. Esler et al. [13] reported that ten of 47 (21.3 %) patients were unable to flex to 90°after MUA. However, these studies included relatively small number of patients. In addition, direct comparison of these results is difficult due to heterogeneous criteria of variables. Specifically in regard to procedure indication and timing, several studies [4, 11, 14, 17] suggested 90 days as time criteria between TKA and MUA; however, other studies suggested early MUA as being that performed within three weeks [10, 18] , 30 days [19] , eight weeks [9] and 75 days [8] following TKA. In our study, we applied a 12-week cutoff for evaluating MUA timing, as most authors recommend a time interval < three months following initial surgery [4, 9, 15, 19, 20] .
Many factors have been suggested as possible risk factors for failed MUA, including diagnosis of rheumatoid arthritis [3] , late manipulation [8, 9] , diabetes mellitus [8, 11] , less pre-TKA ROM [4, 19, 21] , cruciate-retaining implant [8] and prior operation history [17, 19] . However, other studies reported contradictory findings related to possible risk factors of MUA outcome [4, 10, 14, 17, 22] . Namba and Inacio [14] reported that both early and late manipulation could improve flexion. Yeoh et al. [22] reported that there was no difference in ROM gain between knees with a pre-TKA ROM < 90°and > 90°. In our study, although many of these potential factors regarding MUA outcome were not found to be associated with final ROM recovery, regional anaesthesia was identified as positive predictor of successful outcome. This may in part be because regional anaesthesia would have contributed to optimal pain control in the early postprocedure period. This finding is in agreement with a previous study in which a modified technique was used for repeated MUA [23] . The study used epidural anaesthesia continued for postoperative analgesia, hospital stay of one to three days, continuous passive motion for two to three days and daily physical therapy; reported successful results were observed in 74 % of patients.
Our study has a number of limitations. First was the relatively short follow-up period in the failure group. This was because many failed MUA patients immediately underwent next-step procedures, including repeated MUA or revision arthroplasty. Second, during the study periods, there was no standardised protocol for managing stiff TKA among different surgeons, which might have affected treatment outcomes. However, indications and techniques for MUA were consistent among surgeons.
In summary, findings of our study demonstrate that although the proportion of patients regaining flexion ≥ 90°f ollowing MUA was less than in patients with overall ROM increase, functional recovery with flexion ≥ 90°was achieved in the majority of patients (74 %) with stiff TKA following MUA. Using regional anaesthesia was identified as a predictor of improved MUA outcome. Further studies are required to characterise clinical patient factors that may optimise ROM recovery in TKA patients.
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